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(54) Abstract Title 

Remote actuation of downhole tools using vibration 

(57) A communication system is disclosed enabling communication from a surface location to a downhole 
location where Instructions communicated are executed. The system employs accelerometers to sense 
vibrations travelling within the annulus fluid or the tubing string. The accelerators provide signals representative 
of the vibration generated at the surface of the well to a microcontroller. The microcontroller is programmed to 
energize a nichrome element to actuate the downhole tool in response to a user-defined vibration sequence. The 
vibration sequence includes a defined number of vibration cycles. Each cycle includes alternating periods of 
vibration and no vibrations with each period lasting for a defined length of time. The user may program the 
parametere of the sequence and arm the vibration receiving unit on site through a hand held terminal that 
interfaces with the microcontroller. 
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BOT Pump Detection Ver. 1.00 

Current settings: 
pump-on threshold (counts) 05888 

pump-on period (sec.).. 005 

pump-off period (sec.) 015 

pump cycle (address) 001 

SELECT : 

A. New pump-on threshold (counts) 

B. New pump-on period (sec.) 

C. New pump-off period (sec. ) 

D. New pump cycle (address) 

E. ARM tool (PWR Down to DisArm) 

F. Save parameters 
?. Redisplay 

Command : 
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REMOTE ArTTMTTON Off nnxyrmniif Tnmn TififWfl vmp^Tyf^]vf 
Background nfthftTnvpntmn- 
Field of the Invention 

The invention relates to oil field conimiinication with downhole tools. More 
particularly, the invention relates to a conununication/actuaUon system wherein 
vibration is the transmission media. Vibrations provide instnictions downhole in a 
reliable manner for communicating such instracUons to downhole tools which then 
activate. The invention is also directed to more general surface-to-downhole and 
downhole-to-downhole communications. 

Prior An 

The prior art teaches one of oidinaiy skill in the art to provide an apparatus at 



the surface or other location in a wellbore, to generate an acoustic pressure pulse 
coupled to the fluid (i.e. liquid) in the tubing string. The pulse is carried downhole to a 
tool having strain sensors therein capable of sensing the pulse or pulses as they reach 
the sensor. A programmed sequence of pulses will be awaited by &e tool prior to 
actuation. Upon sensing the programmed sequence, the electronics package in the tool 
signals an actuation of the tool. This system is set forth in more detail in U.S. Patent 
Numbers 5,579,283, 5,343, 963 and 5,226,494, all of the cont«its of which are fully 
incorporated herein by reference. 

While the 5ystems(s) disclosed in the referenced patents are very effective in 
many situations, they fail to be.reliable when there is a gas bubble in the fluid column. 
. As one of ordinary skill in the art will appreciate, the acoustic pulse travels well in its 
host (liquid) medium but suffers significant losses when crossing an interface with 
another medium as is the case when there is a -'bubble" of gas (e.g. Nitrogen) in the 
tubing string. Wlien this condition is present, little if any of the message from the 
surface is effectively communicated downhole because the pulse has been so attenuated 
by the gas bubble(s) that it lacks sufficient magnitude to be sensed by the strain gauges 
oh the downhole tool. This is, of course, if indeed any portion of the pulse reaches the 
strain gauges at all. This has been problematic in some wells and therefore needs a 
remedy. What is needed is a communication means for operating downhole tools that 
is unmitigated by the type of fluid or hardware through or around which it propagates. 



Summary of the Tnvftnti>n- 

The above-discussed and other drawbacks and deficiencies of the prior ait are 
overcome or alleviated by the remote actuation/communication system of the invention. 
The invention provides reliable communication to downhole tools by employing 
vibration initiators and vibration receivers. The vibrations are created graerally at the 
surface by either an acoustic pulse machine like that disclosed in the prior art listed 
above or by operating a pump or other machinery. The vibrations are coupled to. the 
well annulus by a hose connected to die vibration generating device and to the well 
fluid. The hose generally is filled with water but could be fifled with another liquid as 
desired. The liquid in the hose conveys the vibration fiom the vibration generatiiig 
machine and transmits the vibration to the well fluid. The vibrations are then 
propagated downhole naturally in the liquid of die wellbore or in the tubing string. 
WTiere an acoustic pulse is employed, it travels down fluid in tiic annulus of the well in 
much the same way it travels in the tubing fluid in the prior art. An astute reader will 
recognize two apparent problems: one is that there may be gas in the annulus which 
presumptively would create the problem associated with the prior art and two that there 
may be packers or other hardware located in the annulus that would defeat propagation 
of the pulse. If strain gauges were used in the invention and waited for apressure 
pulse, the concerns set forth would nearly certainly be wrought out but because the 
invention employs accelerometers to sense vibrations as opposed to pressure pulses, the 



message is receivable by the downhole tool intended to receive the signal. More 
specifically, although the pressure pulse would be lost (in a gas bubble) or reflected 
(eg. by a packer) the vibration associated with the pulse is coupled to the pipe itself and 
is propagated through any pulse attenuating areas that would stop or reflect a pressure 
pulse because the tubing string is continuous. By employing high frequency or high 
band width accelerometer(s) in vibratory communication with the propagation medium 
and in electrical communication with a downhole microcontroller-based vibration 
receiving system, it is possible to reliably provide inforaaation to the downhole tool. 
The microcontroller in a downhole tool will be programmed to await a certain series of 
signals from the accelerometer and then actuate the tool. By creating pulses with a 
vibration source, the vibrations associated therewith are sent downhole and sensed by 
the accelerometer. Similarly, if the vibrations are caused by other machinery they are 
still received by the accelerometer, which provides a signal to the microcontroller for 
each vibration event sensed. Alternatively, and more economically, due to the 
avoidance of the need for the pulse apparatus or other specialized equipment, the rig 
pump, which, as is appreciated, is already on the rig, may be employed to create the 
vibrations. 

Vibration is inherent in the pipe when fluid is circulated by the rig pump. 
Therefore, if the pump is turned on and off a number of times and for certain amounts 
of time to match a prograiruned vibration sequence in the downhole tool, the 
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accelerometers will pick up the vibration and the tool will actuate. This is a particularly 
important alternative for smaller drilling companies due to the expense of renting and 
transporting the pulse apparatus and paying for the technician to run the raited 
equipment. 

Brief Descrintion of the, nn^iyjnpf.- 

Referring now to the drawings wherein like elements are numbered alike in the 
several FIGURES: ' 

FIGURE 1 is a schematic representation of the invention; - 
HGURE 2A is a sonogram illustrating a baseline reading to starting flow; 

FIGURE 2B is a sonogram illustrating 50 SPM and increasing to 120 SPM; 
FIGURE 2C is a sonogram illustrating sustained 120 SPM; 

FIGURE 2D is a sonogram illustrating 120 SPM to 50 SPM; 
FIGURE 2Eis a sonogram illustrating noise in the system; 
HGURE 3 is a schematic representation of the vibration receiving syston 
15 associated with a downhole tool; 

FIGURE 4 is a schematic diagram of an analog-to-analog converter of the 
vibration receiving syst«n of FIGURE 3; 

HGURE 5 is a user main menu provided to a screen dl^lay of a handheld 
terminal for programming the miciocontioller of the vibration receiving system; 
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FIGURE 6 is a graphical representation of the output voltage signal provided by 
an accelerator to an input port of a microcontroller of the vibration receiving system; 

FIGURES 7a-c are user submenus provided to a screen display of a handheld 
terminal for programming the microcontroller of the vibration receiving system; and 

FIGURE 8 is a flow diagram of a pump detection algorithm for controlliiig the 
operation of the vibration receiving system. 

Dfttailed Des cription of the Preferred Embodiments: 

Referring to HGURE 1, a schematic illustration of the invention is provided. 
The schematic shows the borehole 10, casing 12, araiulus 14, tubing 16, packers 20, 
vibration source 22 and tool 24. Conununicating with downhole tool 24 by means of 
the invention is accomplished by creating vibrations which are distinguishable and 
identifiable by the tool having appropriate electronic apparati connected therewith 
(discussed in detail hereunder). Two preferred vibration sources that meet the stated 
criteria are: one, vibration requiring the use of a special apparatus available 
commercially from Baker Oil Tools, Houston, Texas as the thumper surface system for 
rent; and two, pump vibration caused by operating the rig pump to circulate fluid. The 
former may provide a shorter time for actuation by applying inherently distinct 
vibration while the latter is less expensive due to the avoidance of another piece of 
equipment. The latter may be somewhat slower due to threshold times for recognition 



ofa pump on/pump off activity. The time difiference, however is negligible. Bothoi" 
these preferred vibration initiators, therefore, are highly effective as an integral part of 
the remote actuation system of the invention. Vibration traveling through well fluid, 
preferably in the annulus, although it could be m the tubing fluid, couples with the 
tubing string while it propagates. Vibration which has coupled to the tubing string will 
continub do\vnhole around obstructions like haidwaie installed in the annulus such as a 
packer or gas bubbles in the fluid colunm. For example, when an acoustic pulse, which 
may have been the vibration source, reflects back uphole, the vibration which coupled 
to the tubing will continue on and Ukely will nadh the tool it is intended to actuate. 
The coupling to the tubing of the vibrating energies put in the system in the various 
ways indicated, is the link that makes the communication, and therefore die remote 
actuation of tools, possible. 

The downhole tools to be actuated by the remote actuation system of the 
invention employ at least one accelerometer which will measure acceleration, or in 
other words sense vibration, in one direction. In this case the acceloometer should be 
oriented to measure acceleration in the axial direction of the tubing. The preferroce for 
an axial accelerometer is that this is the direction of most of the vibration. While a 
single accelerometer will funcUon well, it is advantageous to use at least two 
acceleronieters to track vibration in two axes (i.c X iaid Y) which are preferably in the 
axis of the tubing and transverse to the tubing respectively, to increase the sensitivity of 



Ihe system. In a preferred embodiment at least two, as discussed, or even three 
accelerometers X. Y and Z might be employed to render the tool more sensitive to 
vibration. Since filters are employed in the microcontroller discussed hereunder, the 
extra sensitivity of the additional accelerometers does not negatively affect precision of 
the system. The filters allow the microcontroller to ^lieai" only the correct vibrations. 
Refeiring to FIGURES 2A-2C several sonograms are illustrated which indicate some of 
the different vibrations created by different sources. It will be understood that 
distinguishing between these sounds is reliably assured by appropriate filters and 
receptors which are known to artisans of skill in the relevant art. 

Referring to FIGURE 3, a schematic representation of the vibration 
receiving system 28 shows a microcontroller 30 mounted on printed circuit board 
32. The microcontroller includes a computer program stored in internal memory 
embedded therein that defines a pump detection algorithm. In accordance with the 
algorithm, the microcontroller 30 monitors the vibrations generated by the vibration 
source 22, such as a pump, located at the surface of the well (see FIGURE 1). In 
response to a sequence of alternating periods (on and off periods) of vibrations 
generated by the pump 22, the microcontroller 30 actuates the tool 24 by applying a 
current through a nichrome element 34 embedded in Kevlar 36. The parameters of 
the vibration sequence recognized by the microcontroller for actuating the tool are 
programmed into the vibration receiving system 28 by the user, which is described 
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in greater detail hereinafter. For example, the vibration sequence for actuating the ' 
tool 24 may include a sequence of sixty (60) seconds of vibration C'On" period) and 
thirty (30) seconds of no vibration COfT period) that is repeated four (4) times. 

Whatever sequence is desired may be stored into an EEPROM 38 depending upon 
5 Reconditions in the well, other tools to be actuated, etc. Once the sequence \ 

parameters are stored in the EEPROM. the tool 24 is poweied (or aimed) and is run 
downhole to the selected locaHon and the vibration sequence is begun, as noted 
above, preferably by cycling the rig pump or by employing the acoustic pulse 

generator 22 disclosed in U.S. 5.579.283 (previously incorporated herein by 
Id reference). 

As shown schematically in FIGURE 3, a pair of field effect transistor (FET) 
switches 40 are comiected to the ends of the nichrome element 34. The PET 
switches are in the normally open state to prevent current fiom flowing through the 

nichrome element 34. In response tb the appropriate vibration sequence, the 
microcontroller 30 generates a pair of signals at output ports 35. 37 to energize each 
respective FET switch 40 which applies the positive terminal 42 of the battery pack 

46 to one end of the nichrome element 34 and the negative terminal 44 of the 
batteo' pack to the other end of the nichrome element The current through the 
nichrome element heats and bums through the Kevlar 36 to allow the actuation 
sequence of the tool 24 itself to proceed. Each end of the nichrome element is 
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swiiched to the battery pack to prevent accidental firing of the nichrome element. 
Having redundant FET switches 40 for connecting each terminal 42, 44 of the 
battery pack 46 to the nichrome element 34 prevents premature or accidental firing 
of the nichrome element should one of the FET switches fidl in flie closed or 
shorted state. In the present configuration, despite the failure of one of the FET 
switches wherein one end of the nichrome element shorts to the respective battery 
terminal, the other FET switch permits normal operation of the receiver system 28. 

The accelerometer 48 provides an ac voltage output signal as shown in 
Figures 2A - 2E. Tlie referenced FIGURES illustrate a sequence at various stages 
ofthe flow noise 

(see FIGURES 2 A - 2D) and noise in the system which is to be filtered out and not 
"heard" by the microcontroller. As will be appreciated by one of ordinary skill in 
the art, the graph shown in FIGURE 2E illustrates an inconsistent pattern and is 
therefore easily distinguished by the electronics ofthe invention. The accelerator is 
connected to an analog-to-analog converter 50 which converts the RMS (root mean 
square) value ofthe accelerometer output signal to a corresponding dc voltage 
signal. The dc voltage signal is provided to input port 52 of the microcontroller 34. 
The microcontroller includes an internal analog-to-digital (A/D) converter (not 
show-n) that converts the dc voltage signal to a corresponding digital signal for use 
by the microcontroller. 
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FIGURE 4 illustrales a schematic diagram of the analog-to-analog converter' 
50. The output of the accelerator 48 is provided to input port 54 of an int^ted 
circuit 56 through capacitor 58. The integrated circuit 56 converts the RMS value 
of the accelerator signal to a dc voltage at output port 60, The integrated circuit 58 
is preferably a maxim 536 integrated circuit available commercially from Maxim 
Integrated Products, Inc. Sunnyvale, California. It will be ^reciated that other 
analog-to-analog converter ICs may be substituted. It is important that the 
maximum operational temperature of the integrated circuit is sufficient to withstand 
dowTjhole temperatures. The integrated circuit identified above provides a woiking 
range of between 125''C to 150»C. 

Capacitors 62 - 66 and resistors 68, 70 are interconnected to integrated 
circuit 56 in a known arrangement for filtering and properly scaling the ouq>ut dc 
voltage at port 60, The output dc voltage at port 60 of integrated circuit 56 is 
provided to the positive terminal 70 of comparator 72. The output signal of the 
accelerator 48 is also provided to the negative terminal 74 of comparator 72 through 
capacitor 76 and resistor 78 connected in series. Capacitor 80 and resistor 82 are 
connected in parallel between the negative terminal 74 of comparator 72 and ground 
84. The RC networks filter the accelerator output signal to provide a baseline signal 
of the accelerator output signal to comparator 72. The comparator 72 provides a dc 
output vohage representative of the accelerator output signal minus the baseline 
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voltage at terminal 86. The dc output voltage at 86 is p^vided 
terminal 88 of the operational amplifier 90. The negative 
90 is connected to ground 84 through resistor 94 and is 
terminal 96 through feedback resistor 98. Operational 
voltage signal at 86 to a suitable voltage to be received 
port 52. 

Referring to FIGURE 3, the timing for the 
a crystal oscillator 100 which is connected to port 102. 
connected to the microcontroller at port 106 for resetting 
+5 volt power is applied to the vibration receiving 
circuit generates a low output signal at terminal 108 in 
being applied thereto which resets the microcontroller 

The +6 volt battery pack 46 is connected to a +5 
converts the -^-6 volt power to a regulated H volt for po)venng 
circuit board 32. 

The vibration receiving system 28 also includes 
the output voltage of the battery pack 46 to determine 
sufficiently charged. The voltage monitoring circuit 1 1 
representative of the voltage of the battery pack and pre vides 
the microcontroller 30. In a preferred embodiment. 



to the positive 
terminal 92 of ampUfier 
:onnected to its output 
2 mplifier 90 amplifies the dc 
1 yy the microcontroller 30 at 



micr4controller 30 is provided by 
A reset circuit 104 is 
the microcontroller when 
28 at start-up. The reset 
rlesponse to + 5 volt power 
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voh dc regulator 110 which 
the electronics of 

a circuit 1 12 for monitoring 
V hether the battery pack is 
2 generates an output signal 
it to input port 1 14 of 
the battery pack 46 is preferably 
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a flex battery pack commercially available from Baker Oil Tools, Houston. Texas, 
and covered by U.S. Patent No. 5,516,603, the entire contents of which are 
incoiporated herein by reference. The battery pack preferably aaploys nine cells. 
Two of the nine cells are reserved for the microcontroller 30 while the other seven 
cells power both the remaining components of the circuit board 32 and the 
nichrome element 34. The two reserved cells pievoit current drop in flie 
microcontroller 30 during powering of the nichrome elonait 34 >ntich might 
otherwise reset the microcontroller. 

EPROM 38 provides non-volatile memory for storing parameter used by 
the algorithm controlling the enwgization of the FET switches. The EEPROM may 
also be used to store the computer software therein. 

As described hereinafter in greater detail, the vibration receiving system 28 
may be armed (powered i^) at the surface of the well prior to lowering the tool 24 
into the well. In an alternative, the receiving system may be armed within the 
wellhole at a predetermined depth. This delaying in powering the receiving system 
28 aids to conserve the power of the battery pack 46. A temperature swisor 1 15 
provides a signal to the microcontroller 30 representative of the t«anperature of the 
wellhole. The microconuoUer is programmed to arm the receiving system when the 
temperature of the hole reaches a predetennined value. 

The microcontroller 30 is programmable at the drill site using a laptop 
computer 1 1 6. The laptop computer communicates through a computer interface 
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1 1 7 that provides a standard RS232 interface to port 1 18 of the microcontroller 30. 
To conserve on-board battery power, the laptop computer 1 16 provides external 
power to energize the electronics on the circuit board while programming the 
microcontroller- The tool must be disassembled to provide access to the RS232 
interface for interconnecting the laptop computer to the microcontroller. Once the 
tool 24 is assenibled, communication with the microcontroller 30 is available only 
iltfough a single prong terminal interface, such as a Kemlon connector, which 
allows an electrical connection of a handheld tenninal 122 to the microcontroller. 
A handheld interface 1 20 is designed to communicate with the handheld terminal, 
which is a dumb teiniinal, via the RS232 serial port. The parameters for the serial 
interface is 2400 baud, 8 bits. 1 stop bit and no hardware or software handshake. 

Tlie handheld terminal 122 is used to select the necessary parameters for 
defining the proper vibration sequence required to command the microcontroller 30 
to energize the nichrome element 34. When the vibration receiving system 28 is 
successfully powered up, the handheld terminal 122 will display a main menu 124 
shown in FIGURE 5. The main menu serves two purposes. First, it shows the 
current parameter settings. Second, it allows an opportunity to change the settings, 
arm the tool 24, save the current settings and obtain an abbreviated help screen. 
This is done by typing a letter A-F that corre^nds to the desired setting to be 
changed. The handheld terminal 122 includes a display screen and alphanumeric 
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keypad (not shown) for entering parameters and commands. The following four 
parameters that may be stored in memory for use by the pump detection algorithm 
are the "Pump-On Threshold", the 'Tump-On Period", the *Tump-Oflf Period'' aiul 
the "Pump Cycle". 

FIGURE 6 illustrates the accelerator signal during a single 'Tump On" cycle 
of the vibration source 22 located at the surface of the well. Referring to FIGURES 
3 and 6, the *Tump-On Threshold" is the minimum output voltage signal provided 
by the accelerator 48 at port 52 required by the microcontroller to recognize a 
vibration signal generated by the vibration source (or pump) 22 as.a:"pump-on" 
signal. Therefore, a voltage greater than the 'Tump-On Threshold" parameter is 
indicative of the pump 22 being activated to provide a "pump-on" signal and a 
voltage less than the 'Tump-On Threshold" is indicative of the pump being 
deactivated to provide a •'pump-ofT' signal. The input voltage at port 52 of the 
microcontroller 30 is converted to a corresponding number of counts. The 'Tump- 
On Period" is the minimum period of time in seconds that the accelerator ou^ut 
signal must be above the 'Tump-On Threshold" for the microcontroller to consider 
the '*pump-on" signal to be acceptable. The 'Turap-OffPeriod" is the minimum 
period of time in seconds that the accelerator output signal must be below the 
"Pump-On Threshold" for the microcontroller 30 to consider the ''pump-ofT* signal 
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to be acceptable. The 'Tump Cycle" is the minimum munber of valid pump on 
cycles required to execute a valid flow detection sequence. 

Upon power up. the microcontioller 30 reads the parameters stored in the 
EEPROM 38 and sends the main user menu of FIGURE 5 throu^ the RS232 
5 interface to the handheld teiminal 122. The current "Pump-On Threshold", the 

•Tump-On Period", the 'Tump-Ofr Period" and the "Pump Cycle" parameters are 
displayed. A list of commands are also displayed to the user. Entering of an 

i 

' appropriate command allows the user to enter a new value for a selected parameter. 
These values are saved in the EEPROM only at the user's request 
10 FIGURES 7a-g illustrate the submenus of the main menu. If the user wishes 

to change any of the parameters, the appropriate letter is entered. When the user 
enters an "a" or "A" at the command prompt of any menu, the user is prompted to 
enter the new "Pump-On Threshold" parameter in submenu 126 of HGURE 7a. 
The "Pump-On Threshold" is entered as the number of counts which corresponds to 
1 5 an average voltage at port 52 of the microcontroller 30. For example, 4.00 volts 

corresponds to 9421 counts and 2.0 volts corresponds to 4710 volts. When the user 
enters a "b" or "B" at the command prompt of any menu, the user is prompted to 
enter the new "Pump-On Period" parameter in submenu similar to submenu 126 of 
FIGURE 7a. When the user enters a "c" or "CT at the command prompt of any 
20 menu, the user is prompted to enter the new 'Tump-Off Period" parameter in 
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submenu similar to submenu 126 of FIGURE 7a. When the user enters a "d" or 
"D" at the command prompt of any menu, the user is prompted to aiter a new 
"Pump Cycle" parameter in submenu similar to submenu 126 of FIGURE 7a. The 
election of a non-numeric input including the return or enter key for any of the 
above parameters will terminate the input sequence and prompt the user to reenter 
the parametCT. 

V^Tien the user enters an "e" or "E"at the command prompt of any menu, the 
user is prompted to confirm that .the user wishes to aim the tool by typing "y" ' for 
yes for arming and 'V for no for not arming die tool in submenu 132 of HGURE 
7b. When the user enters an "f or "F* at the command prompt of any menu, the 
user is prompted to confirm that the user wishes to save the current parameters into 
the EEPROM 38 in submenu 134 of FIGURE 7c. The user enters 'y' for yes to 
confirm and V for no to return to the main menu. Once the confirmation is 
obtained, the microcontroller 30 sends out a result message such as the parameters 
are saved or not saved. If the parameters are not saved, then this is an indication 
that the EEPROM is not functioning pn^eriy. When the user enters a 'T* at the 
command prompt of any menu, die microcontroller redisplays the main menu of 
FIGURE 5 displaying any changed parameters. If the user enters any command 
other than the choices available to the user, an mvalid message is displayed and the 
user is prompted to reenter a new command. 
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Furthermore, the handheld terminal 122 may be used to interface with the 
microcontroller 30 for testing the firmware. Several of the tests involve the use of 
an integrated circuit (not shown), such as an In Circuit Emulator (ICE). Though 
this is an intrusive test tool, it provides the most effective method of monitoring 
firmware performance. One of the tests includes a hardware initialization test that 
verifies the operation of the hardware initialization function by initializing the 
microcontroller 30 and other circuit board hardware. The user may also verify the 
operation of the power on self-test (POST). This fimction perfomis a power up 
self-test of the hardware. It performs an EEPROM write/read test and RAM 
write/read test. The test results are then stored in the EEPROM 38. The user may 
also test the applications function of the microcontroller. In addition, the tests 
verify the operation of the pump detection algorithm by testing that the algorithm 
fimctions properly under at least three simulated accelerator output conditions. 
First, the algorithm is tested wherein the simulated input for a proper pump cycle is 
provided. Second, a simulated input signal emulating a premature Pump-Off 
condition after reaching 'Tump-On Threshold" is provided. Third, an input 
condition signal emulating a premature Pump-OfT condition during the *Tump-Off 
Period" is provided. 

The flow diagram of FIGURE 8 illustrates the Pump Detection Algorithm 
140 that describes the condition and sequence of turning *W the output of the 
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micTocontrolIer 30 to energize the nichrome element 34 in response to an 
accelerator signal having an appropriate number of pump cycles defined by the 
parameters stored in the EEPROM 38. The microcontroller monitois each pump 
cycle to insure that the on and off periods are continuous for the defined time 
periods. 

Referring to block 142 of HGURE 8. the microcontroller 30 is first armed, 
and then a pump-state variable is set to PUMP_IDLE and the pump-cycle variable 
is set to zero in block 144. The pump-state variable is rq)resentative of the state of 
the vibration source Opump) 22 of a pump-on cycle. The pump-cycle variable is 
representative of the number of pump-on cycles diat have been completed. If the 
pump-cycle is not equal to the stored "Pump Cycle" parameter stored in the 
EEPROM 38 as shown in block 146, the microcontroller 30 senses the accelerator 
output signal at input port 52 to provide the pump value as shown in block 148. 
Referring to block 150, the contro l path of the algorithrii depends upon the 
condition of the pump state variable. 

Initially, the pump state variable is PUMP_IDLE and therefore, control 
passes to the. PUMP_IDLE routine at block 152. Ifthe pump value is less than the 
"Pump-On Threshold" parameter stored in the EEPROM 38, the microcontroller 30 
continues monitoring the accelerator output signal at block 148 untU the pump 
value exceeds the "Pump-On Threshold" parameter (see block 154). When the 
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pump value exceeds the "Pump-On Threshold" parameter in block 154, the 
microcontroller sets the pump-up-sec variable to zero and changes the pump state 
variable to PIJMP_IDLE20N in blocks 156 and 158, respectively (also see 
FIGURE 6). The pump-up-sec variable provides the initial count for a timer that 
times the *Tump-On Period" and 'Tump-Off Period". 

At block 150, the pump state variable is PUMP^IDLE20N and therefore, 
control passes to the PUMP_IDLE20N routine in block 1 60. In block 162, the 
microcontroller 30 continues to monitor its input port 52 for a pump value greater 
than the *Tump-On Threshold" parameter. If the pump value drops belov/ the 
"Pump-On Threshold" parameter before the 'Tump-On Pmod" has expired (see . 
block 1 64), the pump-state variable is reinitialized back to PUMP_IDLE state and 
the pump-cycle variable back to zero as shown in blocks 166 and 168, respectively. 
If the pump value remains above the pump threshold, control will continue to flow 
through the PUMP_IDLE20N routine until the pump value has remained above the 
"Pump-On Threshold" parameter for the entire "Pump-On Period". At this time, 
the pump state is change to PUMP_ON state at block 170, as shown in FIGURE 6. 

At block 1 50, the pump state variable is PUMP^ON and therefore, control 
passes to the PUMP_ON routine in block 172. In block 174, the microcontroller 30 
continues to monitor its input port 52 for a pump value less than the *Tump-On 
Threshold" parameter (see block 174). When the pump value drops below the 



"Pump-On Threshold" parameter in block 174, themicroconlioller 30 sets the 
pump-up-sec variable to zero and changes the pun? state variable to 
PUMP_ON20FF in blocks 176 and 178, respectively (see FIGURE 6). 

At block 150, the pump state variable is PUMP_0N20FF and therefwe, 
control passes to the PUMP_pN20FF routine in block ISO. In block 182, the 
microcontroller 30 continues to monitor its input port 52 for a pump value less than 
the 'Tump-On Threshold" parameter. If the pump value increases above the 
•Tump-On Threshold" parameter before the 'Tump-OffPeriod" has expired (see 
block 184), the pump-state variable is reinitialized back to PUMP_IDLE state and 
the pump-cycle variable back to zero as shown in blocks 166 and 168, respectively. 
If the pump value remains below the "Pump-On Thieshold" parameter, control will 
continue to How through the PUMP_0N20FF routine until the pump value has 
remained below the 'Tump-OffThreshold" parameter for the entire 'Tump-Off - 
Period". At this time, the pump state is change to PUMP_IDLE state at block 186 ' 
and the pump-cycle variable is incremented by 1 at block 188. 

The microcontroller 30 will continue to cycle through each of the fcur 
routines to complete each "on-ofp* cycle until the pump-cycle.variable is equal to 
the number of "Pump Cycles" stored in the EEPROM 38. When the correct number 
of pump cycles is completed (see block 14^. the microcontroller 30 generates a 
pair of signals to energize the FET switches 40 to connect the battay pack 46 



across the nichrome element 34 as shown in FIGURE 3; The pump detection 
algorithm 140 then ends.* 

The vibration receiver system 28 of the invention is contained mostly within 
an atmospheric chamb^ in the downhole tool 24, the accelerometer 48 being 
located preferably in a hole drilled in the extemal surface of the tool and retained 
therein preferably with epoxy. For each axis accelerometer, an additional hole in 
the tool would be provided. It is possible, however, to have each of the axes to be 
sensed contained in a single package and therefore mountable in a single hole in the 
tool. 

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be understood that the 
present invention has been described by way of illustration and not limitation. 

What is claimed: ' \ 
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CLAIM I . A remote downhole tool actuation system comprising: 
a vibration initiator, 

a vibration propagator in vibrating commnriication with said 
vibration initiator; and 

a vibration receiver attachable to said downhole tool and in 
communication with an actuator of said tool 

CLAIM 2. A remote downhole tool actuation system as claimed in claim 1 
wherein said vibration initiator is selectively activatable. 

CLAIM 3. A remote downhole tool actuation system as claimed in claim 2 
wherein said initiator is an acoustic pressure pulse generator. 

CLAIM 4. A remote downhole tool actuation system as claimed in claim 2 
wherein said initiator is a fluid pump. 



CLAIM 5. A remote downhole tool actuation system as claimed in claim 1 
wherein said vibration propagator is a column of fluid in a wellbore. 
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CLAIM 6. A remote downhole tool actuation system as claimed in claim 1 
wherein said vibration propagator is a tubing string in a wellbore. 

CLAIM 7. A remote downhole tool actuation system as claimed in claim 1 
wherein said vibration propagator is a colunm of fluid in a wellbore and a tubing 
string in said wellbore. 

CLAIM 8. A remote downhole tool actuation system as claimed in claim 1 
wherein said vibration receiver is at least one accelerometer connected with said 
downhole tool. 

CLAIM 9. A remote downhole tool actuation system as claimed in claim 8 
wherein said at least one accelerometer is at least two accelerometers connected 
with said downhole tool and oriented to sense accelaration in axes generally 
perpendicular to one anoth^. 

CLAIM 1 0. A remote downhole tool actuation system as claimed in claim 8 
wherein said at least one accelerometer is oriented to sense vibrations traveling 
axially in at least one of a fluid colunm and a tubing string in a wellbore. 
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CLAIM 11. A remote downhole tool actuation system as claimed in claim 1 
wherein said actuator further compiises a controller having a programmable 
memory and which compares a vibration sequence received fix>m said vibration 
receiver with a vibration sequence stored in the programmable memory and actuates 
said tool when said vibration sequence stored in said memory substantially matches 
said vibration sequence received by said vibration receiver. 

CLAIM 12. A remote downhole tool actuation system as claimed in claim 1 1 
wherein said vibration sequence includes a scries of vibration on and vibration 6ff 
conditions each for selected amounts of time. 

CLAIM 13. A method of remotely actuating a downhole tool comprising: 
causing a vibration in a tubing string of a wellbore; 
propagating said vibration downhole; 
sensing said vibration; and 
actuating, said tool upon said sensing. 

CLAIM 1 4. A method of remotely actuating a downhole tool as claimed in claim 
13 wherein said vibration is a sequence of vibrations. 
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CLAIM 1 5. A method of remotely actuating a downhole tool as claimed in claim ' 
1 3 wherein said vibration is caused by creating an acoustic pulse in a fluid in said 
wellbore. 

CLAIM 16. A method of remotely actuating a downhole tool as claimed in claim 
1 5 wherein said fluid is tubing fluid. 

CLAIM 17. * A method of remotely actuating a downhole tool as claimed in claim 
1 5 wherein said fluid is annulus fluid. 

CLAIM 1 8. A method of remotely actuating a downhole tool as claimed in claim 
13 wherein said vibration is caused by pumping fluid in said wellbore. 

CLAIM 19. A method of remotely actuating a downhole tool as claimed in claim 
13 wherein said vibration is caused by operating machineiy vibrationally coupled to 
said wellbore, said machinery, producing vibration incident to its operation. 
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CLAIM 20. A method of remotely actuating a downhole tool as claimed in claim 
13 wherein said sensing includes providing at least one accelerometer in proximate 
communication with said downhole tool, said accelerometer sensing said vibrations 
in said wellborc. 

CLAIM 21. A method of remotely actuating a downhole tool as claimed in claim 
20 wherein said at least one accelerometer is a plurality of acceleration each sensing 
acceleration in individual directions. 

CLAIM 22. A method for communicating in a wellbore comprising: 

generating a vibration at a first location; 

propagating said vibration; and 

sensing said vibration at a second location. 

1 - ' 

CLAIM 23. An apparatus for actuating a downhole tool remotely in response to a 
dejfined sequence of vibrations; said apparatus comprising: 

a transducer for generating an electrical signal representative of the 
sensed vibrations; and 

a computer in communication with said transducer, said computer 
actuating the downhole tool in response to the defined sequence of vibrations. 
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CLAIM 24. An apparatus as claimed in claim 23 wherein said transducer 
includes at least one accelerometer. 

CLAIM 25. An apparatus as claimed in claim 23 further comprises a memory for 
storing a set of instructions that define an algorithm for recognizing the defined 
sequence of vibrations. 

CLAIM 26. An apparatus as claimed in claim 23 fiuther comprising a memory 
for storing at least one parameter that defines the sequence of vibrations. 

CLAIM 27, An apparatus as claimed in claim 26 wherein said parametw includes 
at lease one parameter of a group consisting of a minimum time period the vibration 
must be present, a minimum time period the vibration must be absent, and a number 
of cycles of vibration that define said sequence. 

CLAIM 28. An apparatus as claimed in claim 26 fuitho' includes a 
conununication device to enable a user to store said parameter in said memory. 



CLAIM 29, An apparatus as claimed in claim 23 further includes a converter for 
generating a direct current voltage signal fq)resentativeof the root mean square 
value of said electrical signal, wherein said direct current voltage signal is provided 
to said computer. 

CLAIM 30. An apparatus as claimed in claim 29 wherein said converter includes: 

a circuit for filtering said electronic signal of said transducer to 
provide a baseline signal representative of the electronic signal when no vibration is 
present; and 

a comparator for subtracting said baseline signal from said direct , 
voltage signal to generate a compensated signal. 

CLAIM 31. An apparatus as claimed in claim 30 wherein said converter further 
includes an amplifier for conditioning said compensated signal to be receivediby 
said computer. 

CLAIM 32. An apparatus as claimed in claun 23 further comprising at least one 
switching device connected to said computer, said computer actuating said 
switching device in response to a defined vibration sequence to actuate the tool. 
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CLAIM 33. An apparatus as claimed in claim 32 fuither comprising a heating 
element connected to said switching device. 

CLAIM 34. An apparatus as claimed in claim 33 wherein said heating element 
includes a nichrome element. 

CLAIM 35. An apparatus as claimed in claim 23 further comprises a pair of 
switching device connected to said computer, each of said switching device being 
connected to an end of a heating element, wherein actuation of said switching 
devices in response to a defined vibration sequence ^plies a current through said 
heating element to actuate the tool. 

CLAIM 36. An apparatus as claimed in claim 23 further includes a voltage 
storage device for powering said apparatus. 

CLAIM 37. An apparatus as claimed in claim 23 further includes a 
communication device connected to said computer to enable a user to arm said 
apparatus. 
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CLAIM 38. An apparatus as claimed in claim 23 further includes a temperature ! 
sensing device to provide a signal to said computer representative of the ambient 
temperature of said apparatus, and wherein said computer arms said ^aratus in 
response to a defined temperature level. 

i 

CLAIM 39. An apparatus as claimed in claim 23 wherein said filter circuit 
includes a pair o f resistor- capacitor networks. 

CLAIM 40. A method of detecting a sequence of vibrations, said method 
comprising the steps of: 



receiving an electronic signal representative of the presence of a : 



vibration; 



5 



verifying the presence of a vibration for a first defined period of 



time; 



verifying the absence of a vibration for a second defined period of 




time; and 



generating an actuation signal in response to the sequential repeating 



10 



of steps b. and c. for a defined number of cycles. 
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CL AIM 4 L A method as claimed in claim 40 further includes the step of 
providing an acceierometer for generating the electronic signal. 

CLAIM 42. A method as claimed in claim 40 wherein step b. includes the steps 

of: • , 

comparing the electronic signal to a defined threshold level; and 
verifying the level of the electronic signal is greater than the defined 

threshold level for the first defined period of time. 

CLAIM 43. A method as claimisd in claim 40 wherein step c. includes the steps 
of: ' / - 

comparing the electronic signal to a defined threshold level; and 
verifying the electronic signal level is less than the defined threshold 
level for the second defined period of time. j 

CLAIM 44. A method as claimed in claim 40 further includes the step of 
reinitializing the number of cycles required to generate the actuation signal in 
response to the presence of vibration for less than said first defined period of time. 
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CLAIM 45. A method as claimed in claim 40 further includes the step of 
reinitializing the number of cycles required to generate the actuation signal in 
response to the absence of vibration for less than said second defined period of 
time. 

CLAIM 46. A method as claimed in claim 40 further includes the step of 
defining said first and second period of time by a user. 

CLAIM 47. A method as claimed in claim 40 further includes the step of 
defining said threshold value by a user. 
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